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A system 1s provided for monitoring spacing during working
operation between a first vehicle and at least one further
self-propelled vehicle. A beam source 1s on one vehicle
(source vehicle). A sensor arrangement on another vehicle
(target vehicle) extends along a sensor axis. In a predeter-
mined reference state, with the vehicles having a predeter-
mined reference spacing apart, the beam source radiates
toward the target vehicle electromagnetic radiation such that
a predetermined sensor-axial reference detection region on
the sensor arrangement 1s 1rradiated by the beam source. A
change in the vehicle spacing results 1n a change, along the
sensor axis, 1n the position of the detection region on the
irradiated sensor arrangement, and thus in a change in the
detection state of the sensor arrangement. Based on the
detection state which depends on an actual spacing of the
source and target vehicles, a spacing signal 1s generated with
vehicle spacing information.
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WORKING COMBINATION
ENCOMPASSING AN EARTH WORKING
MACHINE AND A FURTHER VEHICLE, AND

AN AUTOMATIC SPACING MONITORING
SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims benefit of German Patent Appli-
cation No. 10 2019 104 218.6, filed Feb. 19, 2019, and
which 1s hereby incorporated by reference.

BACKGROUND

The present invention relates to a working combination
encompassing a seli-propelled earth working machine con-
stituting a first vehicle and at least one further self-propelled
vehicle, the vehicles of the working combination being
embodied to move, during working operation as intended,
one behind another in a common working direction with a
setpoint spacing that 1s within a predetermined setpoint
spacing value range; the working combination having a
spacing monitoring device that, on the basis of a detection
state of the spacing monitoring device which depends on an
actual true spacing of the vehicles, outputs a spacing signal
that contains information regarding the vehicle spacing; the
spacing monitoring device comprising a beam source emit-
ting electromagnetic radiation and a sensor arrangement
sensitive to the electromagnetic radiation of the beam
source; one vehicle from among the first and the further
vehicle, constituting a source vehicle, carrying the beam
source; when the working combination 1s 1n a predetermined
reference state, 1.e. on a flat horizontal substrate with
vehicles arranged in readiness for working operation with a
predetermined reference spacing from one another, the beam
source radiating, toward the respective other vehicle from
among the first and the further vehicle constituting a target
vehicle, an electromagnetic radiation directed 1n such a way
that the electromagnetic radiation for spacing monitoring 1s
present only 1n a beam space that extends over a first angular
region around a first beam space axis and over a second
angular region around a second beam space axis that
encloses an angle with the first beam space axis; the second
angular region being of equal magnitude to, or of greater
magnitude than, the first angular region; and the beam space
being inclined around the first beam space axis with refer-
ence to the working direction.

A working combination of this kind 1s known from US
2018/01424277 Al, i particular from FIG. 6 thereof. The
carth working machine therein 1s a paving machine, also
referred to below as simply a “paver.” The further vehicle 1s
a supply vehicle that loads asphalt into the paver during
operation thereof.

Arranged on the known supply vehicle 1s an LED light
source that emits light to the paver in a beam space that 1s
vertically narrow (not exceeding an aperture angle of 6°) and
extends horizontally approximately over the width of the
paver.

Light of the LED light source which is reflected from the
paver 1s detected by a sensor arrangement on the supply
vehicle. The magnitude of the spacing between the supply
vehicle and the paver 1s calculated from the transit time of
the light from the LED source to the paver and back to the
sensor arrangement, and a spacing signal containing that
spacing information 1s outputted at the supply vehicle 1n
order to control the motion of the working combination.
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2

This working combination 1s disadvantageous on the one
hand because of the large outlay required for implementa-

tion of the spacing measurement. Specifically, a surface on
the supply vehicle which 1s maximally flat and orthogonal to
the spacing direction between the paver and supply vehicle
must be 1rradiated, since projecting and recessed structures,
as well as differently inclined surface regions, on the irra-
diated region of the paver can cause undesired signal inter-
terence or can produce “noise” in the retlected light required
for transit time determination.

On the other hand, in order {for transit times to be
detectable at all, complexly modulated light must be emaitted
from the known LED light source so as to ascertain transit
times of the light.

Specifically in a very dirty construction-site environment
with additional thermal stress (including alternating stress)
on the vehicles that are part of the working combination, an
approach to spacing monitoring of the vehicles of the
working combination which 1s less complex and therefore
more robust, but ultimately functions at least as accurately,
1s therefore desirable.

BRIEF SUMMARY

An object of the present invention 1s therefore to further
develop a working combination of the kind recited initially
in such a way that the spacing to be maintained between the
vehicles thereof can be monitored with simple, interference-
insensitive means. A further intention is that the spacing be
capable of being maintained with no mechanical/physical
coupling of the vehicles.

The present invention achieves this object with a working
combination as described at the beginning of the present
Application, in which additionally the sensor arrangement
extends along a sensor axis and 1s arranged on the target
vehicle to be carried by 1t; when considering the working
combination in the reference state, a predetermined sensor-
axial reference detection region on the sensor arrangement
being wrradiated by the beam source; and the sensor axis
being arranged with an inclination, 1.e. 1n non-parallel fash-
ion, around an inclination axis parallel to the first beam
space axis, relative to a connecting line between the detec-
tion region and the beam source, so that a change in the
vehicle spacing results 1n a change, along the sensor axis, in
the position of the detection region on the sensor arrange-
ment which 1s irradiated by the beam source, and thus 1n a
change 1n the detection state of the sensor arrangement. The
sensor axis can be, but does not need to be, inclined around
a further axis.

Detection by the sensor arrangement of the electromag-
netic radiation emitted from the beam source occurs pret-
erably in the direct beam path, 1.e. without previous retlec-
tion at a vehicle surface. As a result of the atorementioned
inclinations both of the beam space and of the sensor
arrangement that, in the reference state, 1s located at least 1n
portions 1n the beam space, a change 1n the spacing between
the vehicles of the working combination out of the reference
state (or any other 1nitial state) results 1n a displacement of
the detection region of the sensor arrangement, which 1s
irradiated by the beam source, along the sensor axis of said
arrangement. This change 1s direction-sensitive, 1.e. pro-
ceeding from an mnitially irradiated detection region 1t occurs
always 1n the same direction on the sensor arrangement upon
a shortenming of the vehicle spacing, and always 1n the same
opposite direction upon an increase 1n the vehicle spacing.

Upon 1mitial setup of a working combination, in which
context the beam source in the reference state i1rradiates a
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predetermined detection region of the sensor arrangement
while preferably a dark region of the sensor arrangement,
located sensor-axially on at least one side of the wrradiated
detection region, 1s not irradiated, spacing can be (and
preferably 1s) monitored without quantitative calculation of
the spacing, based solely on the location of the irradiated
detection region on the sensor arrangement relative to a
reference location.

The term “sensor-axial” expresses the fact that the adjec-
tive “axial” refers to the sensor axis. It 1s equivalent in
meaning to “along the sensor axis.”

In the reference state, preferably one dark region of the
sensor arrangement 1s preferably present on each side of the
irradiated detection region, so that upon a change in the
spacing 1n both directions proceeding from the reference
state, the detection region can irradiate a previously unirra-
diated region of the sensor arrangement, and then preferably
no longer wrradiates a previously irradiated region. In the
reference state the sensor arrangement therefore preferably
passes completely through the beam space and projects from
it on both sides 1 a passthrough direction, 1.e. along 1its
SENsSor axis.

Also preferably, the sensor arrangement can comprise,
successively sensor-axially, a plurality of sensor elements
sensitive to the electromagnetic radiation of the beam
source, so that depending on the sensor-axial position of the
detection region, different sensor elements are irradiated
with the electromagnetic radiation of the beam source, or not
irradiated 1f they are located in the dark region of the
respective detection state.

The reference state 1s preferably located 1n the setpoint
spacing value range, particularly preferably with a respec-
tive spacing, preferably the same spacing, from the two
edges of the setpoint spacing value range.

In terms of the dimensioning of the spacing, the reference
points on the two vehicles of the working combination
which are used as the basis for determining the spacing are
in principle immaterial, as long as the spacing i1s always
determined based on the same reference points for a given
working combination.

The working direction 1s thus also the spacing direction,
at least 1n a context of straight-line travel together. If the two
vehicles of the working combination are moving locally 1n
different spatial directions, for example when turning or
when traveling over a bump or through a dip, in case of
doubt the working direction 1s the shortest connection
between the reference points for determiming the spacing
when traveling straight ahead. The two reference points are
at the same height above the substrate on which the vehicles
of the working combination are moving, so that in a refer-
ence state in which the working combination 1s supported at
a predetermined reference spacing above a flat substrate, the
working direction proceeds parallel to the support plane of
the substrate.

Because the substrate on which the working combination
1s supported can be worked at least by the first vehicle, more
than one support plane can exist along the working combi-
nation. This applies all the more so given that the further
vehicle can also be an earth working machine. In doubtiul
cases, 1f the substrate or its support surface i1s serving as a
reference magnitude, the substrate and the support surface
defined by 1t are the substrate, or the surface defined by 1it,
located between the vehicles 1n a working direction.

In principle, the above-described spacing monitoring sys-
tem already functions with a single beam source on the
source vehicle and a single sensor arrangement on the target
vehicle of the working combination. More accurate and
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4

more meaningiul information regarding the spacing between
the vehicles of the working combination can be obtained,
however, 11 the target vehicle comprises at least two sensor
arrangements that each extend along a sensor axis. In this
case each sensor axis of a sensor arrangement (considering
the working combination 1n the reference state) 1s arranged
with an inclination, relative to a connecting line between the
detection region and the beam source, around an 1nclination
axis parallel to the first beam space axis. In this case the
detection state of several arrangements, preferably of all
sensor arrangements, changes upon a change in the spacing
between the source vehicle and target vehicle. The at least
two sensor arrangements are then preferably arranged with
a spacing irom one another in a circumierential direction
around the second beam space axis. The extent of the beam
space along the second angular region serves to irradiate or
illuminate the largest possible angular region with the radia-
tion ol the beam source, so that in this maximally large
second angular region, one respective sensor arrangement
can be arranged on the target vehicle at points located
comparatively far apart from one another. The second angu-
lar region 1s therefore preferably larger than the first angular
region.

The result of a maximally large distance between at least
two sensor arrangements 1s that in addition to achievement
ol detection redundancy, signals of the respective sensor
arrangements can also be utilized i order to distinguish
changes in detection states which, in the absence of an actual
change 1n spacing, are attributable only to a change in the
relative orientation of the vehicles of the working combi-
nation, from changes in the detection state which are based
on actual changes in spacing. The information content of the
spacing signal of the spacing momtoring device 1s thereby
increased.

In principle, the electromagnetic radiation of the beam
source can be any radiation, as long as 1t can be limited with
suflicient intensity to a relatively small first angular region.
A first angular region of this kind 1s preferably no larger than
3° around the first beam space axis. An almost universally
available electromagnetic radiation, which at the same time
1s highly accurate because it can be greatly limited 1n
location, 1s emitted as laser light from a laser beam source.
A laser beam source 1s therefore preferred as the aforemen-
tioned beam source. A laser beam source can emit coherent
light over several tens of meters and can thus also generate
only a single spot of light over several tens of meters. The
setpoint spacing value range, defined as a clear spacing
between the vehicles of the working combination, as a rule
seldom or never exceeds spacing values of 20 meters.

The first angular region 1s preferably limited only to the
extent of the laser beam emitted by the laser beam source
constituting a preferred beam source. In this case the first
angular region 1s considerably smaller than 3°.

The second angular region can be generated so as to
sweep over a maximally large region on the target vehicle by
targeted alignment of the laser beam emitted from the beam
source, or of the emitted electromagnetic radiation. For that
purpose, the beam source can emit a laser beam that oscil-
lates or rotates around the second beam space axis. In the
interest of industrial safety, a rotating laser beam can be
occluded 1n peripheral regions around the second beam
space axis 1n which target-vehicle irradiation definitely waill
not occur, i order to protect persons working at the con-
struction site in the vicimity of the working combination
from 1rradiation with the electromagnetic radiation, 1n par-
ticular the laser beam.
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Many vehicles are taller than they are wide, or 1n other
words have a greater extent along their yaw axis than along
their pitch axis. Specifically 1n the context of earth working,
however, 1t 1s not desirable to arrange a sensitive sensor
arrangement 1n the vicinity of the substrate. The sensor
arrangement 1s preferably arranged on the target vehicle at
a distance from the substrate. This also applies to the case 1n
which more than one sensor arrangement 1s provided on the
target vehicle. An advantageous arrangement of a sensor
arrangement, 1n particular of several sensor arrangements, 1n
a direction parallel to the yaw axis with a spacing from the
substrate of the target vehicle, simultancously with great
freedom 1n the arrangement of the at least one sensor
arrangement 1n a direction parallel to the yaw axis on the
target vehicle, can be enabled by the fact that the first beam
space axis 1s parallel to the pitch axis of the source vehicle
and/or that the second beam space axis 1s located 1n, or
parallel to, a plane spanned by the yaw axis and the roll axis
ol the source vehicle.

The second beam space axis can be parallel to the yaw
axis; a laser beam proceeding from a preferred rotating or
oscillating laser beam source will then describe a conical
enveloping surface or a partial conical enveloping surface.
Or the second beam space axis 1s inclined with respect both
to the yaw axis and to the roll axis; the beam space can then,
particularly preferably, be a plane spanned by the laser beam
or, 1n the case of an oscillating laser beam, a flat sector. The
term “plane” 1s not to be understood here in the purely
mathematical sense. The plane described here has an extent,
orthogonally to 1ts flat surface, which corresponds to the
thickness of the laser beam. Advantageously, a change in the
detection state can be reliably detected when the sensor axis
of at least one sensor arrangement has, 1n a Cartesian vehicle
coordinate system made up of a roll axis, a pitch axis, and
a yaw axis, a greater extent component parallel to the plane
spanned by the yaw axis and the roll axis of the target
vehicle than orthogonally thereto.

The sensor arrangement 1s preferably parallel to the plane
spanned by the yaw axis and the roll axis of the target
vehicle. Additionally or alternatively, the at least one sensor
arrangement, preferably each sensor arrangement, can be
arranged with 1ts sensor axis oriented orthogonally to a
spacing line between the sensor arrangement and the beam
source. In this case the sensor arrangement has high sensi-
tivity 1n the event of a change 1n spacing, along with a large
sensing region.

In order to simplily alignment of the spacing monitoring,
device, the beam source and/or the at least one sensor
arrangement preferably i1s arranged respectively on the
source vehicle or on the target vehicle movably relative to a
vehicle body of the respective vehicle carrying it.

It can sometimes be the case that the setpoint spacing
and/or the setpoint spacing value range between the source
vehicle and target vehicle changes during working opera-
tion, for example because one of the two vehicles from
among the source vehicle and target vehicle 1s replaced with
a vehicle of identical function but of different physical
construction. It 1s advantageous 1n such a case 11 the respec-
tive vehicle operator, or the only vehicle operator 1n the case
of an automated spacing regulation system, does not need to
leave his or her operator’s platform 1n order to set up the
spacing monitoring device for the new operating situation.
According to an advantageous refinement of the present
invention, provision can be made for that purpose that the
source vehicle comprises a source actuator and/or the target
vehicle comprises a sensor actuator, the source actuator
being coupled motion-transferringly to the beam source
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6

and/or the sensor actuator being coupled motion-transier-
ringly to the sensor arrangement, so that the beam source
and/or the at least one sensor arrangement 1s or are received,
on the respective vehicle carrying them, displaceably 1n
actuator-based fashion relative to the respective vehicle
body, around an adjustment axis parallel to the first beam
space axis. One or both aforesaid actuators can additionally
be displaceable around a further adjustment axis.

The working combination 1s described 1n the present
Application 1n the reference state unless otherwise expressly
indicated, 1.e. the two vehicles of the working combination
are located successively to one another 1n a working direc-
tion on a flat horizontal substrate. Their yaw axes are
parallel, as are their pitch axes. The roll axes of the two
vehicles, which extend parallel to the working direction, are
parallel or collinear in the reference state.

Depending on the attachment locations of the beam
source on the one hand and the sensor arrangement on the
other hand, a change in the operating state of the working
combination proceeding from the reference state, for
example due to a turning maneuver by the working combi-
nation, can result 1n a change 1n the detection state of the
spacing momtoring device even though the spacing between
the vehicles of the working combination does not actually
change. In order to reduce the probability of incorrect
detection or incorrect assessment of the detection state of the
spacing monitoring device, according to a refinement of the
present invention provision can be made that the spacing
monitoring device comprises a control device; and that the
first and/or the further vehicle comprises a yaw angle
detection apparatus that detects a yaw angle of the respective
vehicle, at least one yaw angle detection apparatus transier-
ring to the control device a yaw angle signal that contains
information regarding the yaw angle of at least one vehicle;
the control device generating the spacing signal in accor-
dance with the detection state of the at least one sensor
arrangement and 1n accordance with the yaw angle signal of
the at least one yaw angle detection apparatus.

The yvaw angle detection apparatus can detect the infor-
mation regarding the yaw angle of at least one vehicle i any
manner, for example by way of a GPS system or by way of
corresponding sensors that are also used, for example, 1n
mobile telephones 1n order to ascertain their spatial orien-
tation. In addition or alternatively to a yaw angle sensor that
directly detects the yaw angle, the yaw angle of a vehicle can
be detected indirectly by detecting the steering angle and the
distance traveled by the vehicle, and/or the vehicle speed
over a common time period.

Each vehicle of the working combination preferably com-
prises a yaw angle detection apparatus, so that a relative yaw
angle of the two vehicles relative to one another can be
detected directly and exactly by data communication
between the two vehicles.

It 1s also possible, however, for only one vehicle to
comprise a yaw angle detection apparatus. That vehicle 1s
then preferably the one preceding in a working direction. IT
the working combination begins working operation 1n the
reference state, or 1n a defined known state with a known
mutual relative orientation of the vehicles of the working
combination, at least one vehicle of the working combina-
tion, preferably once again the vehicle preceding in a
working direction, can ascertain, based on the travel speed
of the vehicle preceding 1n a working direction and based on
spacing information from the spacing monitoring device, on
the reasonable assumption that the yaw angle of the trailing
vehicle will change locally along the working distance in the
same way as the yaw angle of the preceding vehicle, a
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time-related and/or positional oflset between a yaw angle
change of the preceding vehicle and of the trailing vehicle.
This time-related and/or positional oflset can be taken into
account by the control device when evaluating the detection
state 1n order to generate the spacing signal.

The control device advantageously comprises an input
apparatus with which data are inputtable into the control
device and thus into the spacing monitoring device. The
input apparatus can encompass a keyboard, mouse, touch-
screen, microphone, and the like. With this input apparatus
it 1s possible, for example, to mput a spacing value associ-
ated with the reference state 1n a predefined or selectable unit
of measurement, so that based on the speed information of
one of the vehicles and based on the spacing value, the
time-related and/or positional ofiset of yaw angle changes
between the two vehicles of the working combination can be
calculated.

It 1s also possible to mnput into the control device, by way
of the put apparatus, the change 1n spacing between the
vehicles which corresponds to a predetermined positional
change 1n the detection region of the electromagnetic radia-
tion on the sensor arrangement. Assuming a stationary
orientation of the sensor arrangement and the beam source,
this information can also be stored 1n a data memory of the
control device. For an orientation of the sensor arrangement
and beam source which 1s ascertainable from certain posi-
tions of the source actuators and/or sensor actuators, this
information can also be ascertainable in consideration of
data stored i a data memory for different orientations.

What 1s applicable to the relative change in vehicle
orientation proceeding from the reference state, around a
change axis parallel to the yaw axis, in a turning maneuver,
can additionally or alternatively also apply to a change in the
relative orientation of the two vehicles around a change axis
parallel to the pitch axis, when traveling over a terrain
clevation or through a terrain depression. According to an
advantageous refinement of the present invention, provision
can be made for this purpose, 1n order to increase detection
accuracy, that the spacing momtoring device comprises a
control device; and that the first and/or the further vehicle
comprises a pitch angle detection apparatus that detects a
pitch angle of the respective vehicle, at least one pitch angle
detection apparatus transierring to the control device a pitch
angle signal that contains information regarding the pitch
angle of at least one vehicle; the control device generating
the spacing signal in accordance with the detection state of
the at least one sensor arrangement and 1n accordance with
the pitch angle signal of the at least one pitch angle detection
apparatus.

The statements made above regarding the yaw angle
detection apparatus apply correspondingly, mutatis mutan-
dis, to the pitch angle detection apparatus, with the stipula-
tion that the “yaw angle” 1s to be considered to be replaced
by the “pitch angle,” and a “vaw axis” correspondingly by
a “pitch axis.”

Specifically when the embodiment, indicated above as
preferred, having a plurality of sensor arrangements 1s
implemented on the target vehicle, the sensor arrangements
being arranged on the target vehicle with a spacing from one
another 1n a circumierential direction around the yaw axis of
the source vehicle, upon a change in the relative yaw angle
of the two vehicles of the working combination, the detec-
tion states of at least two sensor arrangements change
counter-directionally when the two sensor arrangements are
arranged on different sides of a vertical longitudinal plane,
parallel to the roll axis and the yaw axis of the target vehicle,
through the beam source. Upon a change 1n the relative pitch
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angle, conversely, the detection states of such sensor
arrangements change 1n the same direction. Although 1t has
already been stated above that 1t can be suflicient 1n principle
for the yaw angle signal and/or the pitch angle signal to
contain only information regarding respectively a yaw angle
or a pitch angle of the vehicle carrying the respective
detection apparatus, for maximally comprehensive and
accurate avoildance of detection errors 1t 1s advantageous 11
the yaw angle signal contains information regarding the
relative yaw angle between the source vehicle and target
vehicle, and/or 11 the pitch angle signal contains information
regarding the relative pitch angle between the source vehicle
and target vehicle.

Alternatively or 1n addition to the arrangement of at least
two sensor arrangements on different sides of the aforesaid
vertical longitudinal plane, a change in the detection state
caused by a change 1n the relative yaw angle can also be
distinguished from a change 1n detection state caused by a
change 1n the relative pitch angle by way of at least two
sensor arrangements, located substantially at the same roll
axis position, that are arranged on the same side of the
vertical longitudinal plane but at different spacings there-
from. With increasing spacing from the vertical longitudinal
plane, a change 1n the relative yaw angle causes a change of
increasing magnitude in the detection state. This does not
apply, however, to a change in the relative pitch angle.

Advantageously, the spacing signal i1s used in order to
keep the spacing between the vehicles of the working
combination within the predetermined setpoint spacing
value range during working operation. Within this setpoint
spacing value range, working operation as itended 1s, as a
rule, reliably possible. Provision can be made for that
purpose that the spacing signal contains operating informa-
tion for operating a drive engine and/or a vehicle brake of at
least one of the vehicles.

The operating information can be mmformation outputted
to a vehicle operator of one of the vehicles, to decelerate or
accelerate his or her vehicle or to leave the vehicle speed
unchanged. The operating information can also, however, be
direct control iformation for a vehicle control system 1n
order to automatically (i.e. with no intervention by a human
operator) decelerate or accelerate one of the vehicles and/or
to establish a specific travel speed. The purpose of such
open- or closed-loop control can be to keep the detection
region of the sensor arrangement 1n a predetermined detec-
tion zone, or to return 1t thereinto 1f necessary. The detection
zone 1s determined by a spacing interval corresponding to
the predetermined setpoint spacing value range.

According to an advantageous refinement of the present
invention, history information regarding the change in the
detection states and/or regarding the time course of the
detection states can be stored in a data storage apparatus.
The data storage apparatus 1s interrogatable by a control
device, preferably that of the spacing monitoring device. It
1s thus possible to output operating information, which
serves to establish an operating state with a spacing of the
vehicles of the working combination which 1s within the
setpoint spacing value range, even when, for example, the
sensor arrangement 1s outside the beam space because of an
excessively large change 1n spacing. It 1s then possible to
ascertain from the history information stored in the data
storage apparatus, even without a detected signal at the
sensor arrangement, the direction in which the detection
region departed from the sensor arrangement. It can be
ascertained from that direction whether one of the vehicles
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needs to be accelerated or decelerated 1n order to change the
currently existing spacing to a spacing within the setpoint
spacing value range.

Because the vehicles of a working combination do not
operate independently of one another and because, for
example, operating limits may exist which are to be com-
plied with for successtul working operation, 1t 1s advanta-
geous 11 the vehicles of the working combination are 1n data
communication with one another 1n at least one data transfer
direction, preferably bidirectionally, by way of a data com-
munication connection.

For example, one of the two vehicles can inform the
respective other vehicle, via the data communication con-
nection, that it has reached a limit working speed and cannot
accelerate or decelerate further. This can be useful specifi-
cally for automated adjustment of the spacing the vehicles of
a vehicle combination. For maximally defined management
of the working combination 1n a working direction, 1t 1s
turthermore advantageous if one vehicle from among the
source vehicle and target vehicle, constituting a leader
vehicle, defines a movement speed of the working combi-
nation in the working direction, and that the spacing signal
1s outputted to the respective other vehicle from among the
source vehicle and target vehicle, constituting a follower
vehicle. As a rule, the leader vehicle or master vehicle 1s that
vehicle for which a change 1n operating parameters will have
a more critical effect on the working result than a change 1n
operating parameters of the respective other vehicle, which
1s then consequently a follower vehicle.

In the interest of further precision in indicating the
attainment of limit operating parameters, provision can then
be made that the follower vehicle 1s embodied to 1indicate to
the leader vehicle, during working operation as intended,
that an operating parameter has exceeded a predetermined
warning threshold and approached 1ts limit parameter value,
and/or has reached 1ts limit parameter value.

In a preferred embodiment, the first vehicle 1s an earth
working machine that applies a material onto the substrate,
and the further vehicle 1s a supply vehicle that transfers
material intended for application to the first vehicle. The
carth working machine applying the substrate, usually a road
paver, 1s the leader vehicle, since changes in operating
parameters ol that vehicle have a direct influence on the
quality of the substrate that 1s generated, for example
smoothness or freedom from elevations and depressions.
Because changes in operating parameters of the supply
vehicle have less-critical effects on the working result of the
working combination, the supply vehicle 1s then the follower
vehicle. The supply vehicle can be a loader or a transport
truck, or can be a recycler that, directly i front of a road
paver constituting the leader vehicle, removes substrate,
prepares removed material, and transfers it to the road paver
to be reapplied.

A basic rule that can be employed 1s that when consid-
ering the overall desired working result of the working
combination, the earth working machine that 1s designed to
directly physically produce the working result 1s preferably
the leader vehicle, and that even when the further vehicle of
the working combination 1s also an earth working machine,
that earth working machine 1s the follower vehicle it it
contributes not directly but only indirectly to the working
result of the working combination.

The aforementioned control device of the spacing moni-
toring device 1s preferably arranged on the follower vehicle,
so that the spacing signal of the spacing monitoring device
1s present directly on the vehicle whose control system 1s
intended to be mfluenced by the spacing signal. The leader
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vehicle can then operate with the operating parameters that
are respectively optimal for the given working task, and the
tollower vehicle conforms to the leader vehicle.

In a preferred case, the spacing signal serves on the
tollower vehicle directly to control the speed of the follower
vehicle, so that a predefined setpoint spacing between the
vehicles can be kept exactly as possible within the pre-
defined setpoint spacing value range.

Because the spacing signal 1s ascertained based on the
detection state of the sensor arrangement, the sensor
arrangement 1s preferably also arranged on the follower
vehicle, while the beam source is preferably arranged on the
leader vehicle. Data communication between the leader
vehicle and follower vehicle can be minimized in this case.
Only when the follower vehicle, for example a recycler, has
reached 1ts maximum speed 1s 1t advantageous 1f the fol-
lower vehicle indicates that fact to the leader vehicle so that
the latter does not further increase 1ts speed even though that
would be possible based on the fundamental circumstances
ol the respective construction site.

The source vehicle 1s therefore preferably the leader
vehicle, and the target vehicle 1s preferably the follower
vehicle.

It 1s to be clanfied explicitly that the follower vehicle does
not necessarily trail behind the leader vehicle. Specifically in
the preferred example of a road paver constituting the earth
working machine of the first vehicle, the follower vehicle as
a rule will precede the leader vehicle in a working direction.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The present invention will be explained 1n further detail
below with reference to the appended drawings, in which:

FIG. 1 1s a schematic side view of a working combination
of the present imvention, with the two vehicles of the
working combination at a reference spacing;

FIG. 2 1s the schematic side view of the working combi-
nation of FIG. 1, with an increased spacing between the two
vehicles of the working combination;

FIG. 3 1s the schematic side view of the working combi-
nation of FIG. 1, with a shortened spacing between the
vehicles of the working combination;

FIG. 4 1s the schematic side view of FIG. 1 with a
convexly curved substrate;

FIG. 5 1s a schematic plan view of the working combi-
nation in the reference state of FIG. 1; and

FIG. 6 shows the working combination of FIG. 5 after
entering a right-hand turn.

DETAILED DESCRIPTION

In FIGS. 1 to 6, an embodiment according to the present
invention of a working combination of the present Applica-
tion 1s labeled in general with the number 10. Working
combination 10 encompasses a first vehicle 12 and a further
vehicle 14. First vehicle 12 1s, by way of example, a road
paver; further vehicle 14 1s a recycler. Both vehicles 12 and
14 are therefore earth working machines.

Working combination 10 moves 1n a working direction A
that 1s oniented parallel to the drawing planes of FIGS. 1 to
4. Because vehicles 12 and 14 are ground-based vehicles,
working direction A 1s also oriented parallel to substrate U
on which vehicles 12 and 14 are supported.

Further vehicle 14, 1.e. for example the recycler, removes
material from the ground using a working device 16 that
encompasses a milling drum, and processes removed sub-
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strate material by mixing in binders so that recycled sub-
strate material 17 1s conveyed via a conveyor belt 18 from
turther vehicle 14 into bunker 20 of first vehicle 12.

The material present 1n bunker 20 1s applied by road paver
12 to produce a solid substrate layer.

Recycler 14, which precedes paver 12 1n working direc-
tion A, operates destructively on the ground as described.
Substrate U 1s thereby prepared for pavement application by
paver 12. Paver 12 operates constructively, and directly
creates the working result desired from working combina-
tion 10.

Because the substrate, in the application example, has
locally different surface planes, substrate U that 1s present
between the two vehicles comprises 12 and 14 in working,
direction A, and forms a uniform reference surface or
reference plane for the two vehicles 12 and 14, 1s to be
utilized as a reference substrate.

In the reference state shown in FIG. 1, vehicles 12 and 14
are at a spacing D from one another in working direction A.

Because paver 12 directly influences the working result of
working combination 10, while changes in operating param-
cters of recycler 14 only indirectly influence the working
result, 1n the present example paver 12, 1.e. first vehicle 12,
1s a leader vehicle that substantially defines the speed of
working combination 12. Recycler 14 1s accordingly a
tollower vehicle, whose travel speed in working direction A
1s based, within predetermined limits, on the stipulations of
leader vehicle 12.

An operator’s platform 22 of paver 12 1s occupied by an
operator. An operating platform 24 of recycler 14 can be
occupied by an operator and, for industrial safety reasons,
usually 1s. As will be explained in further detail below,
however, at least the advance speed of recycler 14 in
working direction A can be controlled automatically as a
function of the advance speed of paver 12 and of a vehicle
spacing interval to be maintained between vehicles 12 and
14.

Vehicle spacing D 1s intended to be 1n a predetermined
setpoint spacing value range within predefined limits so that,
for example, recycled substrate material 17 ¢jected from
conveyor belt 18 reliably reaches only bunker 20 of paver
12. The conveying device for conveying recycled substrate
maternial 17 from recycler 14 to paver 12 can also be
implemented by way of another conveying means differing
from the conveyor-belt conveying system depicted merely
schematically 1n FIGS. 1 to 6.

Working combination 10 comprises a spacing monitoring,
device 26 to monitor vehicle spacing D.

Said device encompasses a laser beam source 28 and two
sensor arrangements 30 arranged with a spacing from one
another along pitch axis N2 of recycler 14. Only the respec-
tive sensor arrangement 30 located closer to the viewer 1s
depicted 1n FIGS. 1 to 4. Further sensor arrangement 30,
located behind 1t, 1s concealed by the one depicted.

[aser beam source 28 emits a laser beam 32 that, in the
reference state depicted 1in FIG. 1, reaches sensor arrange-
ment 30 only 1n a central detection region 34.

Sensor arrangement 30 extends along a sensor axis 36 and
comprises, successively along that sensor axis 36, a plurality
of sensor elements sensitive to the light of laser beam 32.
Only sensor element 38 located 1n detection region 34 1is
depicted by way of example in FIG. 1.

Laser beam source 28 either 1s a rotary laser, which can
be occluded for industrial safety reasons 1n emission regions
that are not needed, or 1s a source of an oscillating laser
beam 32 that illuminates only a predetermined angular
region (see second angular region 46 1n FIG. 5).
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Proceeding from laser beam source 28, only a beam space
40 1s filled with laser beam 32; that space extends, around a
first beam space axis 42 that i1s orthogonal to the drawing
plane of FIGS. 1 to 4, over a very small first angular region
43 that corresponds substantially only to the thickness of
laser beam 32. Around a second beam space axis 44, laser
beam 32 sweeps over a second angular region 46 (see FIGS.
5 and 6) that 1s very large compared with first angular region
43 around first beam space axis 42. Second angular region
46 1s sulliciently large that the two sensor arrangements 30
of recycler 14 are reliably reached by laser beam 32 over the
entire setpoint spacing value range of vehicle spacing D.
Here as well, the depiction of second angular region 46 1n
FIGS. 5 and 6 1s merely schematic.

First beam space axis 42 1s parallel to pitch axis N1 of
paver 12. Second beam space axis 44 1s parallel to a plane
spanned by yaw axis G1 and roll axis R1 of paver 12.

As depicted 1n FIG. 1, beam space 40 around {irst beam
space axis 42 1s inclined with respect to working direction A.
Sensor axis 36 1s also inclined with respect to an 1inclination
axis 48 that 1s preferably parallel to first beam space axis 42.
Sensor axis 36 proceeds parallel to a plane spanned by yaw
axis G2 and roll axis R2 of recycler 14. The inclination of
sensor arrangement 30 around inclination axis 48 1s prefer-
ably such that 1n the reference state shown 1n FIG. 1, sensor
axis 36 1s oriented orthogonally to laser beam 32 that strikes
sensor arrangement 30. Because laser beam 32 1s emitted
orthogonally to second beam space axis 44 1n the preferred
exemplifying embodiment depicted, sensor axis 36 and
second beam space axis 44 are thus preferably parallel to one
another 1n the exemplitying embodiment. This arrangement
results 1 high sensitivity for sensor arrangement 30 with
respect to a change 1n vehicle spacing D, along with a large
sensing region.

FIG. 5 shows a connecting line 33 between laser light
source 28 and detection region 34 of sensor arrangement 30
(depicted 1n FI1G. 1). The depiction of connecting line 33 1n
the side views of FIGS. 1 to 3 1s identical to the depiction
of first angular region 43, or the depiction of laser beam 32.

In the reference state, sensor axis 36 preferably proceeds
parallel to an intersection line of a plane orthogonal to
connecting line 33 on the one hand and parallel to a plane
containing roll axis R2 and yaw axis G2 of further vehicle
14 on the other hand. The sensor axis then proceeds orthogo-
nally to connecting line 33, and i1s nevertheless inclined only
around 1nclination axis 48 that 1s parallel to pitch axis N2 of
further vehicle 14.

In order to simplily the setup of spacing momnitoring
device 26, laser beam source 28 on machine body 12a of
paver 12 1s displaceable around a paver-side adjustment axis
50 by means of a preferably electric-motor-based actuator
52. In the present example, paver-side adjustment axis 30 1s
parallel to first beam space axis 42 and 1s furthermore
parallel to pitch axis N1 of first vehicle (paver) 12.

For the setup of sensor arrangement 30, the latter 1s
likewise adjustable around a recycler-side adjustment axis
54, by means ol a preferably electric-motor-based actuator
56, 1n terms of 1ts orientation relative to vehicle body 14a of
further vehicle 14. Recycler-side adjustment axis 34 1is
parallel to pitch axis N2 of recycler 14, and also parallel to
inclination axis 48 of sensor arrangement 30.

A Cartesian triple coordinate diagram having the respec-
tive vehicle-related coordinate axes—roll axis R, pitch axis
N, and yaw axis G—is shown in order to illustrate the
orientation of first vehicle 12 and further vehicle 14 1n the
reference state. The axes of first vehicle 12 additionally
include the number 1, and the corresponding coordinate axes
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of second vehicle 14 additionally include the number 2. Yaw
axes G1 and G2 respectively of first and second vehicle 12
and 14 are parallel to one another, as are pitch axes N1 and
N2 and roll axes R1 and R2.

Spacing monitoring device 26 comprises a control device
58 that 1s arranged by way of example on recycler 14, which
1s not only a follower vehicle but also, because of the
arrangement of sensor arrangement 30 thereon, a target
vehicle as well.

Depending on where laser beam 32 strikes sensor arrange-
ment 30, control device 58 can output a spacing signal
having information regarding vehicle spacing D. In a simple
case, the spacing signal can be displayed, via a data line, as
operating information on a display apparatus 60 on opera-
tor’s platform 24 of recycler 14. With display apparatus 60,
for example, a machine operator on operator’s platform 24
can be mnformed that he or she is to accelerate recycler 14 1n
working direction A i1f vehicle spacing D 1s too small,
decelerate it 1f vehicle spacing D 1s too large, or leave the
vehicle speed unchanged 11 vehicle spacing D 1s correct.

Alternatively, control device 58 can also output the spac-
ing signal to the drive motors 62 and 64 of recycler 14 and
accelerate or decelerate them, or continue to operate them at
the existing drive speed, as a function of the detection state
of sensor arrangement 30. Outputting the spacing signal to
drive motors 62 and 64 1s equivalent to outputting to an
motor control apparatus or central control apparatus that 1s
embodied and provided separately from control device 58
and controls drive motors 62 and 64. Control device 38 can
also be the central control apparatus of recycler 14.

The simplest type of spacing monitoring by way of
spacing monitoring device 26 functions in this fashion. It 1s
particularly advantageous that this type of spacing monitor-
ing of vehicle spacing D functions without any data com-
munication between first vehicle 12 and second vehicle 14.
Spacing control or regulation can thus be implemented
exclusively 1n the follower vehicle (here, recycler 14) with-
out requiring for that purpose any acknowledgment to the
leader vehicle (here, paver 12).

It 1s suthicient to mampulate the speed of recycler 14 in
working direction A in such a way that detection region 34
on sensor arrangement 30 1s located mn a predetermined
sensor-axial detection zone.

Such communication 1s nevertheless not to be ruled out.

Although working combination 10 having spacing moni-
toring device 26 functions in the manner already described
above, its functionality can nevertheless be expanded. Fol-

lower and target vehicle 14 can, for example, comprise a
transmit/recerve unmit 66 that can likewise be controllable via
control device 58. Transmit/receive device 66 serves for data
exchange with a transmit/receive unit 68 on source and
leader vehicle 12.

A control device 70, by way of which the paver-side
transmit/receive device 68 can be controlled, can likewise be
provided on paver 12. Control device 70 of paver 12 can
turthermore comprise a data output unit 72 with which data
can be outputted, in particular displayed, to an operator on
operator’s platform 22.

The two vehicles 12 and 14 can exchange data between
one another using transmait/receive units 66 and 68. The data
communication can be unidirectional but 1s preferably bidi-
rectional. If 1t 1s unmidirectional, communication preferably
occurs from follower vehicle 14 to leader vehicle 12.

To further enhance spacing monitoring accuracy, recycler
14 can comprise a yaw angle sensor 74 and a pitch angle
sensor 76. The two sensors are connected data-transferringly
to control device 38 of paver 14.
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Paver 12, constituting the leader vehicle, can also com-
prise a yaw angle sensor 78 and a pitch angle sensor 80 that
are likewise each connected data-transferringly to their

control device 70.
Working combination 10 of FIG. 1 1s depicted 1n FIG. 2

with an increased vehicle spacing D'. It 1s evident that
detection region 34' on sensor arrangement 30, 1n which
region laser beam 32 of source vehicle 12 1s detected, has
shifted from the originally central detection region 34 to the
upper (with respect to sensor axis 36) longitudinal end. The
laser light thus no longer irradiates into central sensor
clement 38, but only into an upper end-located sensor
clement 38'.

Without any communication between the two vehicles 12
and 14, control unit 38 can thus recognize, based solely on
the relative displacement of detection region 34 to 34', that
vehicle spacing D has changed from the reference spacing of
FIG. 1. It 1s furthermore possible to store, in a data memory
of control device 58, the fact that a displacement of detection
region 34 from a sensor-axially central detection region 34
to an upper end-located detection region 34' signifies an
increase 1 the vehicle spacing. Control device 58 can
correspondingly indicate, on display apparatus 60 on opera-
tor’s platform 24 of recycler 14, that the speed of follower
vehicle 14 1s to be decreased, and/or can directly control
drive motors 62 and 64 so as to slow down the travel speed
of recycler 14 1n working direction A.

FIG. 3 depicts working combination 10 of FIG. 1 with a
shortened vehicle spacing D". Detection region 34" at which
laser beam 32 1s received on sensor arrangement 30 1s now
located at the lower sensor-axial end of sensor arrangement
30. A lower end-located sensor element 38" now receives the
laser light, while the remaining sensor elements ol sensor
arrangement 30 are not reached by the laser light of laser
beam source 28 and are located 1n a dark region.

Analogously to the explanation above regarding FIG. 2,
control device 38 recognizes from the location of detection
region 34" that spacing D" between vehicles 12 and 14 has
decreased or has 1n fact reached a lower limait value. Control
device 58 can correspondingly output to display apparatus
60 on operator’s platform 24 a signal that prompts a vehicle
operator on operator’s platform 24 to accelerate recycler 14
in working direction A, and/or control device 58 can control
drive motors 62 and 64 of recycler 14 so as to increase the
speed.

When recycler 14 has already reached its maximum travel
speed 1n working direction A, which 1s also the advance
speed of working device 16, a further acceleration of recy-
cler 14 1s technically no longer possible. In this case control
device 58 transfers, via transmit/receive unit 66, a corre-
sponding signal to transmit/receive device 68 of paver 12,
where control device 70 therein indicates to the machine
operator on operator’s platiorm 22, on data output unit 72,
that paver 12 must not pave any faster or should in fact
decrease 1ts working speed 1n working direction A. Because
recycler 14 1s a follower vehicle and governs its speed in
working direction A 1n accordance with the speed of paver
12 1n working direction A, once recycler 14 has reached 1ts
maximum speed mm working direction A and spacing D
between vehicles 12 and 14 becomes even shorter, that
spacing can be increased again only by way of control
interventions at supply vehicle 12.

FIG. 4 depicts working combination 12 of FIG. 1 travel-
ing over an elevation 1n the terrain. Substrate U 1s curved
around an axis of curvature orthogonal to the drawing plane

of FIG. 4.




US 11,318,941 B2

15

The depiction of FIG. 4 shows that the change i the
detection state of sensor arrangement 36 corresponds to an
increase 1n vehicle spacing D, even though vehicle spacing
D has not 1n fact changed.

A superimposition, depicted at the top center of FIG. 4, of
the two vehicle-specific coordinate systems shows that pitch
axes N1 and N2 of vehicles 12 and 14 are still parallel to one
another, but the vaw axes and roll axes are arranged with a
mutual rotation relative to one another, through an angle v,
around a rotation axis parallel respectively to the yaw axis
and to the axis of curvature.

By means of pitch angle sensor 76, control device 58 on
recycler 14 can detect the fact that the pitch angle of recycler
14 has changed in an absolute coordinate system. Based on
the travel speed, known to control device 38, of recycler 14
in working direction A, control device 58 can thus ascertain
when paver 12 will also experience the same change in
orientation around 1ts pitch axis N1. Control device 58 can
thus recognize, based on a pitch angle signal from pitch
angle sensor 76, that the change in the detection state at
sensor arrangement 30 results not from a change 1n vehicle
spacing D, but instead from a change 1n the relative oren-
tation of the two vehicles 12 and 14 around a change axis
parallel to the pitch axis; control device 58 can predict, by
time measurement and by measuring the speed of recycler
14, when the coordinate systems of the two vehicles 12 and
14 will once again exhibit three spatial axes that are parallel
to one another. Control device 38 of recycler 14 can thus
assess by itsellf, without data exchange with paver 12,
whether a displacement of detection region 34 along sensor
axis 36 1s attributable to a change 1n spacing or to a terrain
teature. This 1s based on the fact that the two vehicles 12 and
14 pass 1n succession along the same route with a time oflset.

Pitch angle sensor 80 on paver 12 can, however, also be
additionally utilized, 1ts pitch angle signal being capable of
being transferred via transmit/receive umt 68 to transmit/
receive unit 66 of recycler 14. From the pitch angle infor-
mation of the two vehicles 12 and 14, control device 58 can
calculate a relative pitch angle of the two vehicles 12 and 14
with respect to one another, and thereby ascertain directly
whether the two coordinate systems are or are not rotated
relative to one another around their respective pitch axes N1
and N2. An evaluation of the detection result of sensor
arrangement 30 can thus be made with even greater accu-
racy.

FI1G. 5 depicts working combination 10 of FIG. 1 1n a plan
view Irom above. What 1s shown here i1s second sensor
arrangement 30, although it corresponds entirely to sensor
arrangement 30 that has previously been explained. Com-
ponents and component portions that are identical and
tfunctionally 1dentical to those in sensor arrangement 30 that
has already been explained, 1.e. lower sensor arrangement 30
in FIG. 5, are also associated with the second, upper sensor
arrangement 1n FIGS. S and 6. The explanations provided for
sensor arrangement 30 apply to both sensor arrangements
30.

A dashed sector line indicates detection regions 34 on the
two sensor arrangements 30 1n a context of straight-ahead
travel.

Because a milling drum 1n recycler 14 as a rule 1s not
arranged symmetrically in a pitch axis direction on the
recycler, the two vehicles 12 and 14 can exhibit, in the
direction of their respective roll axes R1 and R2 that are
parallel 1mn the reference state, an offset in a pitch axis
direction.
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FIG. § shows that 1n a context of straight-ahead travel,
detection regions 34 are located approximately 1n the same
sensor-axial region on the two sensor devices 30.

FIG. 6 depicts, by way of example, the beginning of a
turning maneuver in a right-hand direction by the working
combination. Recycler 14 has already steered into the right-
hand turn; paver 12 has not yet done so. The detection
regions of the two sensor arrangements 30 have accordingly
shifted along the respective sensor axes 36, with no change
in the vehicle spacing between vehicles 12 and 14. Because
of the inclination of beam space 40 around first beam space
axis 42 that 1s parallel to pitch axis N1 of paver 12, the
displacement occurs counter-directionally when the yaw
angles of vehicles 12 and 14 are different. In the example
depicted, detection region 34 of sensor 30 at the top in FIG.
6 has traveled, proceeding from the state of FIG. 5, toward
the upper longitudinal end of sensor arrangement 30, 1.c.
toward detection region 34' of FIG. 2. Detection region 34
of sensor arrangement 30 at the bottom in FIG. 6 has
likewise traveled, proceeding from the state of FIG. 5,
toward the lower longitudinal end of that sensor arrange-
ment 30, 1.e. toward detection region 34" of FIG. 3.

There can be, 1 principle, two reasons for a detection
state of this kind: on the one hand a turning maneuver shown
in FIG. 6, and on the other hand a terrain feature such that
the two vehicles 12 and 14 are rotated relative to one another
around an axis that 1s parallel to their two (imitially parallel)
roll axes R1, R2.

Thanks to yaw angle sensor 74 1n recycler 14, however,
control device 58 can ascertain, based on the yaw angle
signal supplied thereby, that the detection state that has
changed with respect to that of FIG. 5 results from a change
in the yvaw angle of recycler 14 and not from a change 1n
spacing or a rotation around the roll axis. Instead of or 1n
addition to a respective yaw angle sensor 74, 78, a roll angle
sensor can be provided on one or both of vehicles 12 and 14.
But because a turming maneuver represents a substantially
more frequent operating situation than driving around a path
that 1s twisted 1n a working direction, provision of a yaw
angle sensor 1s preferred.

Instead of yaw angle sensors and roll angle sensors,
information that 1s equivalent 1n terms of information con-
tent can alternatively or additionally be obtained by detect-
ing machine data over a common time period and evaluating
it, for example by detecting steering angles, travel speed and
time, and/or distance traveled or the position of individual
lifting columns, from which the spacing of the respective
vehicle body relative to the propelling unit connected to the
lifting column, and thus to the supporting surface of the
ground area on which the respective propelling unit is
supported, can be ascertained.

If only one sensor arrangement 30 were arranged on
recycler 14, all that would be detectable by control device 38
at the beginning of a turning maneuver would be a change
in the detection state, which, without additional information,
would be 1ndistinguishable from a change in spacing. As a
result of the second sensor arrangement at a distance along
pitch axis N2 from the first, however, on different sides of a
plane that 1s parallel to the roll axis and the yaw axis of
recycler 14 and passes through laser beam source 28 in the
reference state of working combination 10, the above-
described counter-directionality of the change in the detec-
tion state 1n the context of a turning maneuver can be
produced and the turning maneuver can thus be recognized
at sensor arrangements 30. The turning maneuver can be
recognized even more accurately by way of additional
information from yaw angle sensor 74.
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As already explained above 1n connection with traveling
over a terrain elevation (see FIG. 4), here as well yaw angle
information from the paver-side yaw angle sensor 78 can be
transterred from paver 12 to recycler 14 and converted there
by control device 58, together with the yaw angle informa- 5
tion of yaw angle sensor 74, mto relative yaw angle infor-
mation for the two vehicles 12 and 14 relative to one another.
This offers the most accurate capability for assessing the
detection state of the at least one sensor arrangement 30 1n
terms of a change in vehicle spacing D. 10

What 1s claimed 1s:

1. A system for monitoring a working combination com-
prising a self-propelled earth working machine constituting,

a first vehicle and at least one further self-propelled vehicle,
wherein the first vehicle and the at least one further self- 15
propelled vehicle are embodied during a working operation

to move one behind another 1n a common working direction
with a setpoint spacing that 1s within a predetermined
setpoint spacing value range, the system comprising:

a beam source carried by a source vehicle from among the 20
first vehicle and the at least one further self-propelled
vehicle, wherein the beam source 1s configured to emit
clectromagnetic radiation;

a sensor arrangement extending along a sensor axis and
arranged on a target vehicle as a respective other 25
vehicle from among the first vehicle and the at least one

turther self-propelled vehicle, the sensor arrangement

being sensitive to the electromagnetic radiation of the

beam source;

wherein when the working combination 1s in a predeter- 30
mined reference state, with the first vehicle and the at
least one further self-propelled vehicle having a pre-
determined reference spacing from one another,

the beam source radiates toward the target vehicle an

clectromagnetic radiation directed in such a way that 35

the electromagnetic radiation for spacing monitoring 1s

present only 1n a beam space that extends over a first
angular region around a first beam space axis and over

a second angular region around a second beam space

axis that encloses an angle with the first beam space 40

axis,
the second angular region 1s of equal magnitude to, or of

greater magnitude than, the first angular region, and the
beam space 1s inclined around the first beam space axis

with reference to the common working direction; 45
wherein when the working combination 1s 1n the prede-

termined reference state, a predetermined sensor-axial

reference detection region on the sensor arrangement 1S
irradiated by the beam source,

the sensor axis being arranged with an inclination around 50
an inclination axis parallel to the first beam space axis,
relative to a connecting line between the sensor-axial
reference detection region and the beam source,

wherein a change in the vehicle spacing results 1n a

change, along the sensor axis, i the position of the 55

detection region on the sensor arrangement which 1s

irradiated by the beam source, and thus 1n a change 1n
the detection state of the sensor arrangement; and

a control device configured to, based on the detection
state, output a spacing signal that contains information 60
regarding the vehicle spacing.

2. The system of claim 1, wherein:

the target vehicle comprises at least two sensor arrange-
ments that extend along respective sensor axes,

the sensor axes, when considering the working combina- 65
tion 1n the reference state, are each arranged with an
inclination, relative to a connecting line between the
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sensor-axial reference detection region and the beam
source, around an inclination axis parallel to the first
beam space axis; and

the at least two sensor arrangements are arranged with a

spacing from one another 1n a circumierential direction
around the second beam space axis.

3. The system of claim 1, wherein the beam source is a
laser beam source that emits laser light as the electromag-
netic radiation.

4. The system of claim 3, wherein the beam source emits
a laser beam that oscillates or rotates around the second
beam space axis.

5. The system of claim 1, wherein the first beam space
axis 1s parallel to a pitch axis of the source vehicle.

6. The system of claim 1, wherein the second beam space
axis 1s located 1n, or parallel to, a plane spanned by a yaw
axis and a roll axis of the source vehicle.

7. The system of claim 6, wherein the sensor axis of at
least one sensor arrangement has, 1 a Cartesian vehicle
coordinate system made up of a roll axis, a pitch axis, and
a yaw axis, a greater extent component parallel to the plane
spanned by a yaw axis and a roll axis of the target vehicle
than orthogonally thereto.

8. The system of claim 1, further comprising an actuator
that 1s coupled motion-transferringly respectively to the
beam source and to the sensor arrangement, wherein one or
more ol the beam source and the at least one sensor
arrangement 1s or are received, on the respective vehicle
carryving them, displaceably 1n actuator-based fashion rela-
tive to a respective vehicle body, around an adjustment axis
parallel to the first beam space axis.

9. The system of claim 1, wherein:

one or more of the first vehicle and the further seli-

propelled vehicle comprises a yaw angle detection
apparatus that detects a yaw angle of the respective
vehicle, at least one yaw angle detection apparatus
transierring to the control device a yaw angle signal
that contains information regarding the yaw angle of at
least one vehicle:

the control device configured to generate the spacing

signal 1n accordance with the detection state of the at
least one sensor arrangement and in accordance with
the yvaw angle signal of the at least one yaw angle
detection apparatus.

10. The system of claim 9, wherein the yaw angle signal
contains mformation regarding a relative yaw angle between
the source and the target vehicle.

11. The system of claim 1, wherein:

one or more of the first vehicle and the further seli-

propelled vehicle comprises a pitch angle detection
apparatus that detects a pitch angle of the respective
vehicle, at least one pitch angle detection apparatus
transferring to the control device a pitch angle signal
that contains information regarding the pitch angle of at
least one vehicle;

the control device configured to generate the spacing

signal 1n accordance with the detection state of the at
least one sensor arrangement and in accordance with
the pitch angle signal of the at least one pitch angle
detection apparatus.

12. The system of claim 11, wherein the pitch angle signal
contains information regarding a relative pitch angle
between the source and the target vehicle.

13. The system of claim 1, wherein the spacing signal
contains operating information for operating one or more of
a drive motor and a vehicle brake of at least one of the
vehicles.
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14. The system of claam 1, wherein the vehicles of the
working combination are in data communication with one
another 1n at least one data transfer direction by way of a
data communication connection.

15. The system of claim 1, wherein:

one vehicle from among the source vehicle and target

vehicle, constituting a leader vehicle, defines a move-
ment speed 1n the working direction; and

the spacing signal 1s provided to the respective other

vehicle from among the source vehicle and target
vehicle, constituting a follower vehicle.

16. The system of claim 15, wherein the follower vehicle
1s configured to indicate to the leader vehicle, during a
working operation, that an operating parameter has

exceeded a predetermined warning threshold and reached or
approached 1ts limit parameter value.

17. The system of claim 135, wherein the first vehicle 1s an
carth working machine that applies a material onto a sub-
strate, and the further self-propelled vehicle 1s a supply
vehicle that transters material intended for application to the
carth working machine, the earth working machine being the
leader vehicle and the supply vehicle being the follower
vehicle.

18. A method for monitoring a working combination
comprising a self-propelled earth working machine, consti-
tuting a first vehicle and at least one further self-propelled
vehicle, wherein the first vehicle and the at least one further
seli-propelled vehicle are embodied during a working opera-
tion to move one behind another 1n a common working
direction with a setpoint spacing that 1s within a predeter-
mined setpoint spacing value range, the method comprising;:

providing a beam source to be carried by a source vehicle

from among the first vehicle and the at least one further
self-propelled vehicle;

providing a sensor arrangement extending along a sensor

axis and arranged on a target vehicle as a respective
other vehicle from among the first vehicle and the at
least one further self-propelled vehicle, the sensor
arrangement being sensitive to the electromagnetic
radiation of the beam source;

when the working combination 1s 1n a predetermined

reference state, with the first vehicle and the at least one
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turther self-propelled vehicle having a predetermined
reference spacing from one another,

radiating from the beam source toward the target vehicle
an electromagnetic radiation directed 1n such a way that
the electromagnetic radiation for spacing monitoring 1s
present only 1n a beam space that extends over a first
angular region around a first beam space axis and over
a second angular region around a second beam space
axis that encloses an angle with the first beam space
axis,

the second angular region being of equal magnitude to, or
of greater magnitude than, the first angular region,

the beam space being inclined around the first beam space
axis with reference to the working direction,

wherein a predetermined sensor-axial reference detection
region on the sensor arrangement 1s irradiated by the
beam source, the sensor axis being arranged with an
inclination around an inclination axis parallel to the
first beam space axis, relative to a connecting line
between the sensor-axial reference detection region and
the beam source, wherein a change in the vehicle
spacing results 1n a change, along the sensor axis, 1n the
position of the detection region on the sensor arrange-
ment which 1s wrradiated by the beam source, and thus
in a change 1n the sensor-axial reference detection state
of the sensor arrangement; and based on the detection
state, generating a spacing signal that contains infor-
mation regarding the vehicle spacing.

19. The method of claim 18, further comprising:

detecting a yaw angle of one or more of the first vehicle
and the further self-propelled vehicle; and

generating the spacing signal in accordance with the
sensor-axial reference detection state of the at least one
sensor arrangement and in accordance with the yaw
angle of at least one vehicle.

20. The method of claim 18, further comprising;

detecting a pitch angle of one or more of the first vehicle
and the further selif-propelled vehicle; and generating
the spacing signal 1n accordance with the sensor-axial
reference detection state of the at least one sensor
arrangement and 1n accordance with the pitch angle of
at least one vehicle.
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